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Abstract | Penile cancer is a rare genitourinary malignancy that is associated with poor outcomes

and severely limited therapeutic options that are generally non-curative when used to treat

localized disease with high-risk features or advanced disease. To address the unmet need for

treatment modalities with increased effectiveness, immune-based therapies such as immune-
checkpoint blockade, human papilloma virus (HPV)-directed vaccines and adoptive T cell thera-
pies have emerged as potential treatment options for advanced penile cancer. A diverse array
of immune cells such as cytotoxic T lymphocytes (CTLs), tumour-associated macrophages and

myeloid-derived suppressor cells have been shown to infiltrate penile cancer tumours, with

distinct immune landscapes being demonstrated in HPV-positive compared with HPV-negative
tumours. Study results have also demonstrated the prognostic value of immune cells such as
tumour-associated macrophages, immune markers such as programmed death ligand-1, and

HPV-status in penile cancer. Taken together, these findings underscore the clinical relevance of

the tumour immune microenvironment as a source of both prognostic indicators and potential
therapeutic targets forimmune-based therapies. Current evidence regarding the safety and
efficacy of immune-based therapies is limited in penile cancer, but a number of clinical and pre-

clinical studies are ongoing to evaluate these therapies in this disease based on promising results

from studies in other malignancies, including other squamous cell carcinomas. In addition,
an opportunity exists to combine immune-based therapies with existing lines of systemic therapy
to offer the most benefit to patients with advanced penile cancer. Future work should focus on

expansion of preclinical models for immune-based drug discovery.

Penile cancer is a rare disease that disproportionately
affects men in specific parts of the world, including
regions in South Africa, South-Central Asia and most
of South America'>. Human papilloma virus (HPV)
infection is a major risk factor for developing penile
cancer, and results of a meta-analysis published in 2019
demonstrated that 50.8% of patients with penile cancer
are positive for HPV;** other risk factors include lack
of circumcision, phimosis, smoking and socioeconomic
disadvantages™’.

Surgery alone can be effective in treating localized
disease, but is usually non-curative in patients with con-
siderable inguinal or pelvic lymph node involvement''.
Depending on the location, the laterality, number and
presence of the extranodal extension (ENE) of pos-
itive lymph nodes, survival outcomes substantially
vary and can be very poor in patients with advanced
disease'*""". In fact, 5-year overall survival (OS) among
patients with pelvic or bilateral inguinal positive nodes
is only 10-20%'°. Thus, based on the node size, number

and whether the nodes are fixed or mobile, patients
with positive lymph nodes are often recommended to
receive neoadjuvant chemotherapy (NAC) followed by
lymph node dissection per National Comprehensive
Cancer Network (NCCN)'” and European Association
of Urology (EAU) guidelines'®. In this regard, a bilateral
approach yielding an increased number of nodes leads
to improved outcomes. For example, a retrospective
analysis of 364 patients with penile cancer who under-
went lymph node dissection demonstrated improved
5-year overall survival among those who had >15 ver-
sus <15 nodes removed (67% versus 49%, P=0.008)"-!,
Notably, owing to the rarity of penile cancer, guidelines
on disease management are largely based on low-level
evidence from limited studies within this disease?; thus,
higher-level evidence from prospective studies in other
squamous cell carcinomas (SCCs) is sometimes used to
support practice guidelines for penile cancer. For exam-
ple, data on the use of chemoradiotherapy in penile can-
cer are scarce; therefore, data from phase II/III studies in

NATURE REVIEWS | UROLOGY

VOLUME 19 | AUGUST 2022 | 457


http://orcid.org/0000-0002-9628-7880
http://orcid.org/0000-0002-5723-1972
http://orcid.org/0000-0002-3007-2756
http://orcid.org/0000-0002-8435-0264
mailto:jad.chahoud@moffitt.org
mailto:jad.chahoud@moffitt.org
https://doi.org/10.1038/s41585-022-00617-x
https://doi.org/10.1038/s41585-022-00617-x
http://crossmark.crossref.org/dialog/?doi=10.1038/s41585-022-00617-x&domain=pdf

REVIEWS

Key points

* The immune landscape of penile cancer is defined by unique patterns of immune cell
infiltration that also serve as prognostic indicators of metastasis and survival.

* Human papilloma virus (HPV) infection status can be used to stratify patients into
two groups with differing tumour immune microenvironments (TIMEs) based on key
markers such as programmed death-ligand 1.

* Immune-based therapies including immune-checkpoint blockade, adoptive T cell
therapies, and HPV-targeting therapeutic vaccines are each promising candidate
therapies, although these treatments are largely unexplored in penile cancer;
however, they are currently being evaluated prospectively.

* The optimal management of locally advanced penile cancer might involve a multimodal
approach that combines immune-based therapies with chemotherapeutic and/or
targeted agents early in the disease course followed by surgery.

* Preclinical models that will improve understanding of the TIME and the mechanisms
underlying responses to immune-based therapies are needed.

e In this rare disease context, future preclinical and clinical work on immune-based
therapies will benefit from the centralization of care and the pooling of collaborative
scientific knowledge and resources.

vulvar and anal SCCs are cited by NCCN guidelines as
evidence for its potential use in the treatment of locally
advanced or metastatic disease in certain instances'”.

Current NCCN guidelines'” recommending four
cycles of neoadjuvant paclitaxel, ifosfamide and cis-
platin (TIP) for locally advanced disease mainly rely
on the results of a single-arm, prospective phase II
study of the TIP regimen for penile cancer in the neo-
adjuvant setting for evidence”. However, results of
a subsequent pooled meta-analysis of ten studies on
taxane-based NAC for penile cancer demonstrated an
objective response rate of 53%", suggesting an unmet
need to both predict non-responders to NAC and
develop effective neoadjuvant therapy combinations
and subsequent lines of systemic treatment for patients
with chemo-refractory disease, as well as those who are
ineligible for cisplatin-based chemotherapy”. Similarly,
adjuvant chemotherapy is recommended for certain
patients with considerable residual disease or ENE at
the time of inguinal lymph node dissection (ILND),
but this reccommendation is based on results of a small
number of retrospective studies**-*. Patients with dis-
ease with high-risk features such as ENE, bilateral pos-
itive inguinal nodes, positive pelvic nodes, and lymph
node tumours measuring >4 cm can be offered adjuvant
chemoradiotherapy, which has shown some efficacy in
vulvar SCC”, as an alternative to TIP. For patients with
relapsed or metastatic disease in whom outcomes are
dismal®, results of prospective studies of chemotherapy
show only moderate efficacy and/or high toxic effects
with median overall survival of 5 months®~**. Thus, an
unmet need remains for effective systemic therapies
across the full spectrum of advanced penile cancer*.

In an effort to address some of these challenges and
provide higher-level evidence for treatment guidelines
for locally advanced disease than is currently availa-
ble, the International Penile Advanced Cancer Trial
(InPACT; NCT02305654) was launched in 2017 to
evaluate chemotherapy and chemoradiotherapy in both
the neoadjuvant and adjuvant settings”. Specifically,
this study will enrol and randomize 200 patients to
one of three arms: ILND alone; NAC plus ILND; or

neoadjuvant chemoradiotherapy followed by ILND.
If patients who have received previous neoadjuvant
chemoradiotherapy have disease with high-risk features
following surgery, they will either receive a pelvic lymph
node dissection or will receive active surveillance imag-
ing as per the NCCN guidelines. If patients who either
received an ILND alone or NAC plus ILND have dis-
ease with high-risk features, they will receive adjuvant
chemoradiotherapy or a pelvic lymph node dissection.
This study is designed to help to determine the opti-
mal sequencing of chemotherapy, chemoradiotherapy
and surgery, as well as examine the utility of chemora-
diotherapy in penile squamous cell carcinoma (PSCC),
particularly given its efficacy in other SCCs™*'.

Interest in defining the immune landscape of
penile cancer and developing immune-based ther-
apies has grown. Currently, the recommended use
of immune-based therapy per NCCN guidelines is
limited to immune-checkpoint inhibitor therapy in
the form of second-line pembrolizumab for patients
with relapsed or metastatic disease that is unresecta-
ble, microsatellite instability high, or mismatch repair
deficient"”. Prospective evidence is lacking, but studies
of the immune landscape provide support for further
investigating immune-checkpoint inhibitor therapy
for penile cancer’>*. Furthermore, HPV-positive and
HPV-negative penile tumours exhibit distinct molecular
characteristics, making HPV a focal point in tumour
profiling and developing novel lines of immune-based
treatments, such as therapeutic vaccines™.

In this Review, studies investigating the immune
landscape of penile cancer are summarized, existing and
novel immune-based therapeutic targets are examined,
and the future directions of immune-based therapies in
penile cancer based on preclinical and clinical studies
are explored.

The tumour immune microenvironment in penile
cancer

In any malignancy, understanding the underlying bio-
logical processes that drive and correlate with the disease
is fundamental in enabling the development of effective
therapies. In penile cancer, characterizing dysregulated
genes and genetic pathways, defining the immune
landscape and understanding the complex interactions
within the tumour microenvironment (TME) will create
opportunities for new treatment strategies that rely on
taking advantage of these genetic and immune-related
processes.

The genetic landscape of penile cancer. Given the rarity
of penile cancer, the molecular aetiology of this disease
was not well understood — especially for HPV-negative
penile cancers. Molecular studies, such as whole-exome
sequencing, genome-wide methylation arrays and DNA
copy number alteration arrays, have been performed to
characterize the genetic landscape of penile cancer*-*.
These techniques have been used to distinguish the
molecular mechanisms underlying HPV-positive and
HPV-negative PSCC, identify potential novel drug tar-
gets and determine whether these genetic alterations
have prognostic value. Frequently altered genes in penile
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cancer (such as NOTCHI1, CDK2NA and PI3KCA), the
frequent mutual exclusivity of TP53 mutations and HPV-
positive status, and altered molecular pathways in PSCC
that might contribute to tumorigenesis and disease pro-
gression such as the DNA damage response and mTOR
pathways have been discovered'**. Given that some of
the current recommendations for PSCC treatment are
extrapolated from other SCCs, molecular comparisons
between PSCC and other SCCs might yield important
information regarding the utility of novel immune-based
therapies in penile cancer. For example, a whole-exome
sequencing analysis of 34 primary PSCC tissue samples
showed that the tumour mutational burden (TMB) of
penile cancer is significantly lower than that of lung
squamous carcinoma (P <0.0001) and bladder carcinoma
(P=0.001), whereas it is comparable with the TMB of
cervical, oesophageal, and head and neck squamous cell
carcinoma (HNSCC)*. A higher TMB is associated with
an improved response to immune-based therapies™.
Comparison of mutational signatures between PSCC
and other SCCs showed considerable molecular simi-
larities between PSCC, HNSCC and oesophageal SCC.
Specifically, the PSCC tumours were enriched for muta-
tional signatures that were constructed using cophe-
netic analysis from the other squamous carcinomas
analysed. These signatures matched closely to either the
SBS2 (APOBEC cytidine deaminase activity) or SBS6
(defective DNA mismatch repair) signatures within the
Catalogue of Somatic Mutations in Cancer (COSMIC)
database. In this analysis, PSCC, HNSC and oesophageal
SCC shared a similar distribution of these mutational sig-
natures within each tumour-type cohort™. At the pres-
ent time, these findings help to group penile cancer with
other SCCs and might inspire studies that use therapies
that have been successful in treating molecularly similar
SCCs for the treatment of penile cancer.

Overall, these comparisons have improved our
understanding of PSCC and enabled the identification
of frequently mutated genes and molecular pathways
with existing targeted therapy agents. These studies were
limited to small retrospective cohorts, but they have an
important role in advancing our understanding of the
molecular drivers of penile cancer. However, further
work must be done to validate these studies and deter-
mine whether these molecular findings are targetable
by therapy. Thus, within the context of immune-based
therapies, understanding the specific role of the immune
system in penile cancer is first necessary in order to
properly assess the potential utility of immune-based
therapies in this disease. In tandem, characterization
of the genetic changes and cellular processes that drive
penile cancer must continue to fully understand the
tumour biology of penile cancer. Taken together, an
advanced knowledge of both the genetic and immune
landscapes of penile cancer and the interplay between
the two will inform how to best use immune-based
therapies in this disease (FIC. 1).

Tumour-infiltrating immune cells in penile cancer.
Components of the innate and adaptive immune systems
infiltrate the TME in many solid tumours and can sup-
press or promote tumour progression®®'. For example,
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CD8" cytotoxic T cells, CD4* T helper cells and natural
killer (NK) cells generally demonstrate antitumour activ-
ity, but other tumour-infiltrating immune cells — such
as regulatory T (T,,,) cells, tumour-associated macro-
phages (TAMs) and myeloid-derived suppressor cells
(MDSCs) — usually dampen the antitumour immune
response® . Given that several of these immune cells
are present in the tumour immune microenvironment
(TIME), the specific pattern of immune infiltration is
an important indicator of whether the immune system
is working against or synergistically with the tumour®.

Multiple studies®** have been conducted to charac-
terize tumour-infiltrating lymphocytes (TILs) and other
immune cell populations in penile cancer and deter-
mine whether these populations correlate with specific
prognostic outcomes owing to the prognostic value of
tumour-infiltrating immune cells in other SCCs. For
example, evaluation of the presence and prognostic value
of CD8* cytotoxic T cells, FOXP3* T, cells and TAMs in
213 patients with penile cancer demonstrated that a low
stromal CD8* cytotoxic T cell count was significantly
associated with lymph node metastasis (LNM) incidence
on univariate analysis (OR 0.60, CI 0.37-0.98; P=0.04)%.
A high level of intratumoural CD163* TAMs, which are
M2-type macrophages associated with poor survival
in lung squamous carcinoma’ and oral squamous cell
carcinoma’ as well as advanced histopathological fea-
tures in HNSCC™, were also found to be significantly
associated with LNM incidence on univariate anal-
ysis (OR 2.45, CI 1.35-4.43; P=<0.01)*. However,
in a study in which CD206 was used as a marker of
M2-type macrophages’”, the results demonstrated that
a high density of intratumoural CD206* macrophages
was associated with improved disease-specific survival
(DSS) on univariate analysis (OR 0.76, 95% CI 0.62-
0.94; P=0.01)"". Additionally, a high density of stromal
or intratumoural CD206" macrophages was associated
with improved DSS on univariate Cox regression anal-
ysis when using optimal cut-off points (HR 0.446, 95%
CI 0.24-0.81; P=0.008 and HR 0.35, 95% CI 0.19-0.63;
P=0.001, respectively)”. The optimal cut-off points were
4.38 and 0.85 for stromal and intratumoural CD206*
macrophages, respectively, and were determined using
the ‘survminer’ R package.

In light of these contradictory findings about the
prognostic value of M2-type macrophages, a spatial
approach was used to determine whether the localiza-
tion of CD14", CD68* and CD163* cells relative to the
tumour contributed to differing associations with clin-
icopathological features”. Upon pooling HPV-negative
and high-risk HPV-positive specimens, a significant posi-
tive correlation was found between increased tumour
grade and the infiltration of CD14*, CD68* and CD163*
cells in the intratumoural and peritumoural compart-
ments. Additionally, in the high-risk HPV-positive
subgroup, CD68* or CD163" cells in the peritumoural
compartment was significantly associated with LNM
(P=0.031 and P=0.026, respectively). The association
between CD163"* cells and LNM in this study is con-
cordant with the findings of another study®; although
it must be noted that both studies®”* probably derived
their respective sample cohorts from the same group
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Fig. 1| The immune landscape of penile cancer. Defining the penile squamous cell carcinoma (PSCC) immune landscape
for human papilloma virus (HPV)-positive and HPV-negative tumours might be important as the implications are not cur-
rently fully understood. In HPV-positive tumours, recruitment of CD8* cytotoxic T cells and CD4* T helper cells to the TME
might be enhanced owing to HPV-antigen presentation on MHC-class-I molecules. Given that HPV-negative tumours
more frequently express PD-L1 than HPV-positive ones®**’, they could be associated with a more immunosuppressive
TME. However, differences in tumour infiltration by CD8* cytotoxic T cells between HPV-positive and HPV-negative penile
cancers have not been observed®. Notably, HPV-positive tumours have been shown to have greater densities of intratu-
moural CD163* macrophages than HPV-negative tumours’®, suggesting the existence of differing immunosuppressive
mechanisms in HPV-positive versus HPV-negative tumours. CTL, cytotoxic T lymphocyte; MDSC, myeloid-derived
suppressor cell; NK cell, natural killer cell; PDL1, programmed death-ligand 1; TME, tumour microenvironment.

of patients treated at the Netherlands Cancer Institute
(Amsterdam, Netherlands), leading to similar findings
between the two studies. In one study’’, the presence
of CD163* cells in the peritumoural compartment also
correlated with increased tumour stage (P=0.030) and
increased tumour grade (P=0.021) within the high-risk
HPV-positive subgroup. However, a multiple covariates
model did not reveal a significant association between
the densities of CD14*, CD68* or CD163" cells and DSS
in the HPV-negative or the high-risk HPV-positive
subgroups. Collectively, these studies suggest a com-
plex relationship between macrophages and penile
cancer. This relationship is probably further compli-
cated by the high plasticity of macrophages and the
limitations associated with classifying macrophages as
either pro-inflammatory or immunosuppressive based
on single markers such as CD206 or CD163 (REF.).
Future single-cell analysis will need to be conducted to
improve understanding of the role of each macrophage
subtype at each stage of disease.

Neither stromal nor intratumoural FOXP3* T, cells

showed prognostic value in one study®’; however, in

another study, presence of FOXP3* lymphocytes in the
peri-tumoural inflammatory infiltrate was shown to be
independently associated with poor 5-year DSS (HR 2.50,
95% CI 0.79-7.92; P=0.02)"". However, results of a
study involving 178 patients with invasive penile can-
cer showed that a high density of stromal FOXP3*
T, cells was associated with improved DSS on multivar-
iate analysis (HR 0.74, 95% CI 0.58-0.94; P=0.013)"".
These results are contradictory, but these findings
support existing evidence that suggests that FOXP3*
can be a predictor of either good or poor prognosis
depending on the cancer type, and perhaps in this case,
in the broader TIME context’. Overall, similar to the
limitations surrounding our knowledge of the role of
macrophages, the role of FOXP3* T, cells in the penile
TIME needs be further examined in order to determine
their role in this disease.

MDSCs are well-established immunosuppres-
sors in the TIME”. MDSCs are a broad range of
phenotypically heterogeneous myeloid-derived cell
populations that lack the ability to terminally differen-
tiate into monocytes, macrophages and dendritic cells*.
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The phenotypic diversity of MDSCs makes them
difficult to study, as they can express a wide range
of cell-surface markers that can sometimes over-
lap between different MDSC populations®. MDSCs
express a diverse array of cell-surface markers, but can
frequently be defined as CD11b* and/or CD33* and/or
HLA-DR-myeloid-derived cells that can be stimulated in
the TME to produce immunosuppressive factors such as
reactive oxygen species and arginase™*2. Within the con-
text of penile cancer, MDSCs (CD11b* Gr1*) have been
shown to account for 50% of all immune cells in a mouse
model of penile cancer versus only 1% in non-malignant
penile tissue (P <0.01)*. Notably, significant reductions
in CD8" T cells (P<0.05), NK cells (P<0.05), B cells
(P<0.01) and CD68* TAMs (P <0.05) as a total percent-
age of all immune cells in the same tumours have been
demonstrated, suggesting an immunosuppressive TME
lacking these immune cell types that are involved in the
antitumour immune response. Indeed, the observed
reduction in CD8"* T cells and NK cells could possibly
be driven by the downstream immunosuppressive effects
of MDSC activity such as reactive oxygen species-driven
T cell unresponsiveness®, arginase-driven T cell
suppression®, induction of FOXP3* T, cells* and nitric
oxide-driven NK-cell suppression”. Together, these
findings suggest a need to further define MDSC popu-
lations in human-derived penile cancer tumour samples
alongside other immune cell populations in the TIME,
and examine potential mechanisms by which MDSC
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populations might exert immunosuppressive effects on
other immune cells in the TIME. In addition, increased
numbers of MDSCs have been shown to correlate with
poor clinicopathological features, dampen response to
chemotherapy and immune-checkpoint blockade (ICB),
and serve as indicators of worse prognosis across multi-
ple cancer types, suggesting a need to evaluate the role
of MDSCs in penile cancer®-".

Overall, these studies collectively suggest that TILs
and other immune cells could have prognostic value
within the setting of penile cancer and are relevant to
our understanding of the role of the innate and adaptive
immune systems in the TME (TABLE 1). Knowledge of
the role of the immune components of penile tumour
tissue and stroma s still in its infancy and the capacity to
manipulate these immune components to advance
treatment strategies and clinical outcomes is limited.
To overcome these limitations and increase knowledge,
multicentre, multinational tissue, blood, urine and stool
collection cores should be developed with clear collection
protocols and advanced integrated immune, molecular
and viral testing should be undertaken. Establishing such
pivotal resources will help to overcome many of the cur-
rent limitations that scientists and clinical investigators
tackling this disease currently face.

The PD1-PDLI axis in penile cancer. Within the context
of cancer, the programmed cell death protein (PD1) and
programmed death-ligand 1 (PDL1) axis is crucial in

Table 1| Prognostic value of immune cells in penile cancer

Main
markers
used

FOXP3

PDL1

CD8,CD163,
PDL1

CD8, CD68,
CD206,
FOXP3, PDL1

PDL1

CD14, CDe68,
CD163

Number of
patients,
HPV status

n=122,
18 hrHPV+

n=200,
52 hrHPV+

n=213,
52 hrHPV+

n=178,
58 hrHPV+

n=35,
HPV status
unknown

n=103,
43 hrHPV+

Findings Ref.
FOXP3* lymphocytes associated with poor 5-year DSS (HR 2.50, 95% Cl 0.79-7.92; P=0.02) 7
Diffuse tumoural PDL1 expression associated with LNM and worse DSS (HR 2.58; P=0.04) %
Greater prognostic effect of PDL1 expression on DSS in HPV- than HPV+ tumours (HR 3.92 versus HR 2.58)

Low stromal CD8* cytotoxic T cell count associated with LNM (OR 0.60, Cl 0.37-0.98; P=0.04) 3

High intratumoural CD163* TAMs associated with LNM (OR 2.45, Cl 1.35-4.43; P=<0.01)
Diffuse PDL1 expression associated with LNM (OR 2.81, Cl 1.01-7.81; P=0.05) and worse DSS (HR 2.78,

Cl1.10-6.98; P=0.03)

Diffuse PDL1 expression (HR 5.03, Cl 1.81-13.99; P<0.01) and LNM (HR 82.22, CI 14.99-450.90; P<0.01)

associated with worse DSS in patients with HPV— disease

Patients with HPV— tumours showed worse DSS (HR 9.73, Cl 2.12-44.72; P<0.01)

High density of stromal and intratumoural CD206* macrophages associated with improved DSS (HR 0.446,

74

95% C10.24-0.81; P=0.008 and HR 0.35,95% Cl 0.19-0.63; P=0.001, respectively)
High density of stromal FOXP3* T __ cells associated with improved DSS (HR 0.74,95% Cl 0.58-0.94; P=0.013)

reg

Diffuse tumoural PDL1 expression correlated significantly with worse DSS (HR 2.38,95% Cl 1.11-5.10; P=0.025)

PDL1 positivity did not correlate significantly with LNM and worse DSS

Increased densities of CD14*, CD68" and CD163" cells associated with increased tumour grade

42

Presence of CD68*and CD163* cells in the peritumoural compartment correlated significantly with LNM

(P=0.031 and P=0.026, respectively)

Presence CD163* cells in the peritumoural compartment correlated positively with tumour stage (P=0.030)

and grades of differentiation (P=0.021)

Cl, confidence interval; DSS, disease-specific survival; HR, hazard ratio; hrHPV+, high-risk human papilloma virus; LNM, lymph node metastasis; PDL1, programmed
death ligand 1; TAM, tumour-associated macrophage.
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the immunosuppression that results from the interac-
tion of the PD1 receptor on CD8"* cytotoxic T cells with
its ligand PDL1 on tumour cell membranes’-**. The
PD1-PDL1 axis has a key role in tumour immune eva-
sion and, therefore, blockade of this interaction via ICB
using anti-PD1 and anti-PDL1 therapies has become a
front-line treatment approach across multiple cancer
types‘)S-‘W.

Despite the currently limited use of ICB in penile
cancer, several studies have been conducted to char-
acterize PDLI expression in this disease. In one study,
69.2% of patients with LNM demonstrated PDL1 posi-
tivity in the primary tumour, whereas results of another
study demonstrated PDL1 positivity in 40% of the pri-
mary tumour samples analysed*>*’. Overall, the current
literature suggests a PDL1 positivity between 40% and
69% among primary penile cancer samples'>*>7*%%,

The prognostic value of PDL1 expression in penile
cancer has also been investigated. In a study involving
213 patients with penile cancer, diffuse PDL1 expression
in primary tumour tissue was positively associated with
the presence of LNM (OR 2.81, CI 1.01-7.81; P=0.05)
and was predictive of worse DSS on multivariate anal-
ysis (HR 2.78, CI 1.10-6.98; P=0.03) compared with
tumours with negative or margin PDL1 expression®.
Additionally, results of another study demonstrated a
similar result among 178 primary penile cancer sam-
ples, in which diffuse tumoural PDL1 expression cor-
related significantly with worse DSS on multivariate
analysis compared with tumours with negative or mar-
ginal expression of PDL1 (HR 2.38, 95% CI 1.11-5.10;
P=0.025)"". Finally, another study including 200 primary
penile cancer samples showed a significant association
between diffuse tumoural PDL1 expression and both
a higher incidence of LNM and worse DSS (HR 2.58;
P=0.04) on multivariate analysis”. However, in contrast
to these studies, two studies did not show a significant
correlation between PDLI positivity and increased
incidence of LNM and death*>*. Of note, a positive
association was observed between PDL1 positivity and
LNM in one of these studies but was not statistically
significant (50% of patients with PDL1-positive disease
had LNM versus 23.5% of those with PDL1-negative
disease, P=0.164)*. The lack of statistical significance
might be a result of the small sample size in the study
(n=35 patients)*. In another study, no association was
observed between PDL1 positivity and LNM. Fewer
patients (n=53) were involved in this study than oth-
ers in which a significantly positive correlation between
PDL1 positivity and LNM was reported.

Overall, these studies collectively suggest a positive
correlation between PDL1 positivity and LNM inci-
dence, as well as a negative correlation between PDL1
positivity and DSS. These findings underscore the prog-
nostic value of PDL1-positive status as an indicator of
worse prognosis in penile cancer and suggest a need for
studies that examine the role of therapies targeting the
PD1-PDL1 axis.

With respect to PDL1 positivity and its correlative
relationship with other clinicopathological features,
in one study, a statistically significantly positive asso-
ciation between primary tumours with usual-type

histology and PDL1-positive status (P=0.040) was
found, whereas none of the primary tumours exhibiting
warty-type or verrucous-type histology were PDLI posi-
tive (P<0.001)". This observation is notable, as tumours
of warty-type or verrucous-type histology are associ-
ated with better outcomes than those with usual-type
histology'®, further highlighting the positive association
between PDL1 positivity and worse prognosis in penile
cancer. With respect to histological or pathological
grade and stage, no significant positive association has
been observed between PDLI positivity and increased
histological or pathological grade and stage.

Overall, the current literature suggests that PDL1 is
frequently expressed in primary penile cancer tissue and
is associated with poor prognosis, including worse sur-
vival and a greater incidence of LNM. These data high-
light the clinical utility and relevance of the PD1-PDLI
axis in the management of penile cancer.

HPYV status and the tumour immune microenvironment.
According to the WHO guidelines, penile cancers are
classified as either HPV related or HPV unrelated'®.
HPV-related penile cancers mainly include the basa-
loid, warty-basaloid and warty histological subtypes,
whereas HPV-unrelated penile cancers frequently
include the usual, verrucous, papillary and sarcoma-
toid subtypes'®. Penile intraepithelial neoplasia — the
precursor lesions of penile cancer — are classified as
HPYV related or HPV unrelated'®. In a meta-analysis
involving 4,199 patients with penile cancer, the results
showed that 50.8% of the total cohort was HPV positive’.
In addition, the majority of HPV-positive tumours were
histologically HPV-related penile cancers, with 72.7%
of HPV-related tumours being HPV positive versus
only 19.4% of HPV-unrelated tumours being HPV
positive. Nearly one-third (32.2%) of the usual histo-
logical subtype of penile cancers in this cohort were
HPYV positive; this observation is notable considering
that 48-65% of PSCCs are of the usual histological
subtype'®’. Additionally, 79.8% of patients with penile
intraepithelial neoplasia were HPV positive in this meta-
analysis’. Results of a 2018 meta-analysis of seven stud-
ies including 649 patients with penile cancer revealed
a significantly improved DSS among HPV-positive
versus HPV-negative patients with a pooled HR of 0.61
(95% CI, 0.38-0.98)'*. Results from one study showed
that patients with HPV-positive PSCC had a longer
median OS (P=0.015) following perioperative radio-
therapy than patients with HPV-negative PSCC'*.
Overall, these data suggest the high relevance of HPV
pathogenesis and how it relates to penile cancer.

The distinction between HPV-related and HPV-
unrelated tumours largely stems from the unique role
that HPV can have in penile cancer carcinogenesis*"'"".
Specifically, the viral E6 and E7 oncoproteins dis-
rupt cell-cycle regulation and enable autonomous cell
proliferation'®; the E7 oncoprotein disrupts the cell cycle
by binding to and inactivating the human retinoblas-
toma (Rb) protein'®, whereas the E6 oncoprotein
induces P53 degradation'®'"”. This disruption causes
neoplasia; furthermore, the resulting downstream
upregulation of cell-cycle signalling and downregulation
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of apoptotic signalling leads to an accumulation of the
tumour suppressor cyclin-dependent kinase inhibi-
tor 2A (CDKN2A), which is now used as a surrogate
immunohistochemical marker for an active, high-risk
HPYV infection'*""°. In contrast, HPV-unrelated penile
cancers have been shown to harbour P53 mutations with
little CDKN2A expression'*.

Thus, owing to these histological and molecular dif-
ferences, studies have been conducted to delineate the
TIMEs in HPV-positive and HPV-negative tumours, as
well as to further elucidate the prognostic effect of HPV
status. For example, in a study of 200 primary penile can-
cers, PDLI positivity was observed significantly more
frequently in HPV-negative tumours than in high-risk
HPV-positive tumours (P=0.03)”. The prognostic
effect of diffuse tumoural PDL1 expression on DSS was
greater in HPV-negative than in HPV-positive tumours
(HR 3.92 versus HR 2.58)”. In another study, incidence
of PDLL1 positivity in HPV-negative tumours was greater
than in HPV-positive tumours (P=0.03)®. Diffuse PDL1
expression (HR 5.03, CI 1.81-13.99; P<0.01) and LNM
(HR 82.22, CI 14.99-450.90; P<0.01) were predictive of
worse DSS on multivariate subgroup analysis of patients
negative for HPV. In addition, patients negative for HPV
had worse DSS (HR 9.73, CI 2.12-44.72; P<0.01) than
patients with high-risk HPV-positive disease. Overall,
these data might suggest a greater degree of immuno-
suppression and T cell exhaustion in HPV-negative
tumours than in HPV-positive tumours, perhaps con-
tributing to the worse survival outcomes observed®.
Regarding survival, results of a study showed worse
DSS in patients with HPV-negative tumours than
those with high-risk HPV-positive disease, with 18% of
HPV-negative patients succumbing to their disease ver-
sus only 2% of HPV-positive patients (P=0.038)"°, which
is concordant with previous studies showing worse
outcomes among HPV-negative patients'''"!%,

With respect to the relationship between immune infil-
tration and HPV-status, densities of CD8, Granzyme B
(GrB), FOXP3, PD1, CTLA4, CD68 (M1-type TAMs),
CD206 (M2-type TAMs), PDL1 and Siglec-15, between
HPV-positive and HPV-negative tumours have been
compared’; greater densities of intratumoural PD1
(P=0.002) and stromal GrB (P=0.049) were observed
in HPV-positive tumours, with no significant differ-
ences observed across the remainder of the immune
marker panel’. Similarly, no significant differences
in stromal or intratumoural numbers of CD163*
(M2-type) TAMs, CD8* T cells, FOXP3* Treg cells, or
the ratio of CD8" T cells to FOXP3* T, cells was found
in another study®. Interestingly, spatial distribution of
different myeloid cells was explored in a cohort of 103
patients and greater densities of intratumoural CD14",
CD68* and CD163* cells in high-risk HPV-positive
tumours than in HPV-negative tumours (P <0.001 for
all three cell types) were observed. Similarly, CD14*
and CD68" cells were found in greater numbers in the
peritumoural compartment of high-risk HPV-positive
tumours than in HPV-negative tumours (P =0.004
and P=0.026, respectively)”. These findings suggest
considerably enhanced infiltration of myeloid cell
populations in HPV-positive tumours compared with
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HPV-negative tumours. However, because this study
did not identify specific myeloid cell subtypes, ascer-
taining whether these myeloid cells are immunosup-
pressive or immunostimulatory is difficult. Thus, further
studies to characterize these myeloid cell subtypes are
warranted.

Overall, these data show some differences in immune
markers between HPV-positive and HPV-negative
tumours, but whether greater tumoural activated
immune cell infiltration occurs in HPV-positive tumours
than in HPV-positive tumours is unclear. Rather, the
increased expression of PDL1 in HPV-negative penile
cancers and the improved survival observed in patients
with HPV-positive tumours might collectively suggest an
immunostimulatory capacity of high-risk HPV infection,
with its absence enabling increased tumour-mediated
immunosuppression and immune evasion.

Collectively, these studies have improved our under-
standing of the TIME in penile cancer. For example, TILs
and other immune cells are actively present in the TME
in both HPV-negative and HPV-positive penile cancers.
Furthermore, the relative expression of these immune
cells — such as CD8" cytotoxic T cells, FOXP3* T, , cells
and TAMs — have considerable prognostic value with
respect to LNM and DSS. These markers could be help-
ful in prognostication and maybe for treatment selection
in the future. Similarly, PDL1 is frequently observed in
penile cancer samples, suggesting that immunosup-
pression probably has a key role in tumour immune
evasion and disease progression, and offers the possi-
bility of targeting this immune modulator. In addition,
the relative expression and spatial distribution of PDL1
is an independent prognostic indicator, particularly in
HPV-negative disease. However, understanding of the
TIME remains incomplete. First, owing to the reliance
on small retrospective studies, the predictive value of
these immune components has not been determined.
Second, high-throughput studies that enable visuali-
zation of the immune microenvironment at increased
resolution — such as single-cell RNA-sequencing, pro-
teomics and metabolomics — are ongoing but have not
yet been published. Finally, the paucity of cell culture
and animal models of penile cancer limit the ability to
study the real-time interplay between immune cells and
the TME in live-cell, dynamic contexts.

Immune-based therapies in penile cancer
Immune-based therapies are seldom used as standard
of care in the management of penile cancer. Based on
current understanding of the TIME in penile cancer, an
unmet need for immune-based therapies in penile can-
cer exists and these therapies could be relevant in the
setting of penile cancer (FIC. 2).

Immune checkpoint blockade. Anti-PD1, anti-PDL1 and
anti-CTLA4 inhibitors have become a mainstay among
contemporary systemic treatment modalities and have
been approved by the FDA for a range of metastatic
SCCs such as HNSCC, oesophageal SCC, squamous
non-small-cell lung cancer (NSCLC) and cutaneous
SCC’””. However, in the USA and in Europe, ICB is not
currently approved for use in the neoadjuvant setting for
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Fig. 2| Potential immune-based therapies for penile cancer. Currently, multiple promising options exist for
current and future immune-based therapies for penile squamous cell carcinoma (PSCC). a | Inmune checkpoint
blockade (ICB) via anti-PDL1, anti-PD1, or anti-CTLA4 agents either alone or in combination. b | Human papilloma
virus (HPV)-targeting therapeutic vaccines to elicit immune responses against HPV-positive tumours. ¢ | Adoptive

T cell therapies to enhance T cell-mediated destruction of tumours, such as tumour-infiltrating lymphocyte (TIL)
therapy, chimeric antigen receptor therapy (CAR-T) and T cell receptor (TCR) therapy, in combination with prepara-
tive lymphodepletion using chemotherapy or full-body radiotherapy. d | Combination therapy approaches with

ICB that either strengthen the antitumour immune response through enhanced tumour-associated antigen release
via chemotherapy, stimulate the immune system via an HPV-directed vaccine, or inhibit the activity of immune cells
that dampen the immune response (such as myeloid-derived suppressor cells (MDSCs)). CTL, cytotoxic T lymphocyte;
CTLA4, cytotoxic T lymphocyte-associated protein 4; PD1, programmed cell death protein 1; PDK1, pyruvate dehydro-
genase kinase 1; PDL1, programmed death ligand 1; PI3K, phosphoinositide 3-kinase; PKB, protein kinase B;

TKI, tyrosine kinase inhibitor.
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these SCCs but several trials are ongoing for SCCs such
as HNSCC and NSCLC!*!*,

In penile cancer, ICB approval is limited to the
second-line setting in patients with relapsed or meta-
static disease. To date, prospective studies on ICB use
in penile cancer have only investigated these inhibitors
for a very small number of patients in the setting of
relapsed and/or metastatic disease''*"''*. For example, in
a basket trial (in which an investigational drug is tested
across multiple malignancies) a combined regimen of
nivolumab (anti-PD1) and ipilimumab (anti-CTLA4)
was investigated and included five patients with penile
cancer'””. None of these patients responded to the com-
bined regimen, with 2/5 patients exhibiting stable dis-
ease and 3/5 patients exhibiting progressive disease'"”.
In another trial, three patients with penile cancer who
progressed on TIP were treated with pembrolizumab
(anti-PD1), two of whom progressed after 3 months
and one patient with a microsatellite instability-high
tumour exhibited a partial response''®. In a single case
report, a patient with HPV-negative, pl6-negative
advanced chemoradiation-refractory penile cancer
showed a response to nivolumab (<80% reduction
in tumour volume), as well as an increase in CD8*
TILs and a decrease in tumoural PDLI expression'".
In another case report of including two patients with
chemotherapy-refractory metastatic disease, a durable
complete response at 38 months was reported in one
patient and a partial response at 18 months was seen in
the second patient''®. Currently, interest in using ICB to
address the unmet treatment need for locally advanced,
relapsed and/or metastatic penile cancer is growing;
therefore, a number of ongoing clinical trials are being
conducted to investigate ICB in the first-line setting for
unresectable disease in combination with chemother-
apy (NCT04224740 (REF.'")), progressive disease after
platinum-based chemotherapy (NCT03391479 (REF."*")
and maintenance therapy following chemotherapy
(NCT03774901 (REF.'?Y). In addition, NCT03686332
(REF.'?) is being undertaken to examine ICB in combi-
nation with radiotherapy for unresectable disease. ICB
combined with either radiotherapy (that is, immuno-
radiotherapy) or chemoradiotherapy has been investi-
gated in a broad range of other malignancies, including
HNSCC'. In the neoadjuvant setting, results of a
phase I study of SBRT plus nivolumab in 10 patients
with HPV-associated HNSCC or cancer of unknown
primary origin demonstrated a pathological complete
response (pCR) in 90% of patients with no grade 4 toxic
effects. However, when combining chemoradiother-
apy with ICB for HNSCC, early results have been mixed
with concerns raised surrounding tolerability, and most
studies are still ongoing'*>'**. In general, the rationale
underlying the combination of immune-based therapies
with radiotherapy is a potentially enhanced antitumour
immune response owing to irradiation of the tumour, as
well as increased sensitization of the tumour to radiation
with ICB, which has been demonstrated in preclinical
models'>*"'%. Thus, within the context of penile cancer, a
combination therapy approach involving ICB plus radio-
therapy has the rationale to be explored in ongoing and
future trials. Furthermore, a number of basket trials in
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genitourinary malignancies and other SCCs in general
are also being undertaken (TABLE 2).

Outcomes associated with recurrent and metastatic
penile cancer are dismal™; thus, aggressive management
early in the disease course is vital to minimize the chance
of recurrence and improve survival outcomes. NAC is
currently recommended in NCCN and EAU guidelines
for locally advanced disease'”'%, but only approximately
half of patients who are eligible for chemotherapy benefit
from it*. In addition, research has demonstrated a lack
of adherence to guidelines on chemotherapy for penile
cancer by less-experienced physicians and among phy-
sicians who have limited experience directly providing
chemotherapy'*. In addition, community medical prac-
tices that lack resources might have difficulty adminis-
tering the TIP regimen because of the need to administer
TIP over a 5-day period owing to the inclusion of ifos-
famide, often in the inpatient setting. In this context,
ICB could have promise as an alternative or a comple-
mentary agent to TIP, in which anti-PD1 or anti-PDL1
therapies can be a substitute for ifosfamide. This sub-
stitution would enable taxol, cisplatin and anti-PD1 or
anti-PDL1 therapies to be delivered in the outpatient set-
ting in a single day. The safety and efficacy of this com-
bination approach was demonstrated in the setting of
squamous NSCLC in the phase IIl KEYNOTE-407 trial,
in which patients receiving platinum-based chemother-
apy in combination with pembrolizumab demonstrated
a significant overall survival benefit compared with
patients receiving platinum-based chemotherapy plus
placebo (15.3 months versus 11.3 months, respectively,
P<0.001). No significant difference in grade 3 or higher
adverse events was observed between the two groups'®.

Overall, the use of ICB leads to fewer adverse effects
than chemotherapy; in fact, a meta-analysis of 22 tri-
als, including a total of 12,727 patients with solid organ
malignancies comparing the incidence of adverse
events between ICBs (anti-CTLA4, anti-PDL1 and
anti-PD1) and standard-of-care chemotherapy revealed
that patients receiving ICBs reported fewer grade 3 or
higher adverse events, were less likely to die secondary
to an adverse event and were less likely to discontinue
treatment'’. Thus, ICB might be a preferred modal-
ity in patients with penile cancer who might have an
increased risk of chemotherapy-related toxic effects and
a limited capacity to manage potential adverse effects.
However, ICBs notably carry a risk of ICB-specific,
immune-related adverse events (irAEs)'*'-'%, Results
of a meta-analysis of irAEs related to anti-PD1 and
anti-PDL1 therapies in 20,128 patients revealed that the
most frequent all-grade irAEs observed were diarrhoea
(9.5%), an increase in aspartate aminotransferase (AST)
(3.4%), and vitiligo (3.3%). In addition, the most fre-
quent grade 3 or higher irAEs were an increase in AST
(0.75%), an increase in alanine aminotransferase (ALT)
(0.70%) and pneumonitis (0.67%)"*?. Of note, results
show that a greater proportion of patients experience
irAEs following treatment with anti-CTLA4 agents
than anti-PD1 or anti-PDLI agents'*~'**, suggesting
that anti-PD1 and anti-PDL1 agents are safer ICB ther-
apies than anti-CTLA4 agents. Moreover, given the
high frequency at which primary penile cancer lesions
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Table 2 | Ongoing clinical trials investigating immune-checkpoint blockade in penile cancer

Trial number
(design)

NCT04224740

NCT03774901

NCT03686332
NCT04231981
NCT03391479

NCT04718584
(basket)

NCT02496208
(basket)

NCT04357873
(basket)

NCT03866382
(basket)

NCT02721732
(basket)

NCT03333616
(basket)

NCT03517488
(basket)

NCT02834013
(basket)

NCT03427411
(basket)

Immune checkpoint

blockade

Pembrolizumab (anti-PD1)

Avelumab (anti-PDL1)

Atezolizumab (anti-PDL1)

INCMGAO00012 (anti-PD1)
Avelumab (anti-PDL1)

LDP (anti-PDL1 injection)

Nivolumab (anti-PD1)+or —

ipilimumab (anti-CTLA4)

Pembrolizumab (anti-PD1)

Nivolumab (anti-PD1)

+ipilimumab (anti-CTLA4)

Pembrolizumab (anti-PD1)

Nivolumab (anti-PD1) +

ipilimumab (anti-CTLA4)

XmAb®20717 (bi-specific

anti-PD1 and anti-CTLA4

Nivolumab (anti-PD1)+or —

ipilimumab (anti-CTLA4)

M7824 (bintrafusp alfa,

Phase, target Combination

accrual therapy

Phasell,n=33  Cisplatin or carboplatin
plus 5-FU

Phase ll,n=32 NA

Phasell,n=32  Radiotherapy

Phase ll,n=18 NA

Phasell,n=24 NA

Phasell,n=127 NA

Phasel,n=152 Cabozantinib S-malate

Phasell,n=111 Vorinostat

Phasell,n=224 Cabozantinib

Phasell,n=225 NA

Phasell,n=100 NA

Phasel,n=154 NA

Phasell,n=818 NA

Phasell,n=57 NA

a bi-functional fusion
protein; TGF- trap
and anti-PDL1)

AE, adverse event; CTLA4, cytotoxic T lymphocyte-associated protein 4; 5-FU, 5-fluorouracil; HPV, human papilloma virus; NA, not applicable; ORR, overall

response rate; pCR, pathological complete response; PD1, programmed cell death protein 1; PDL1, programmed death-ligand 1; PFS, progression-free survival;
TGF-B, transforming growth factor-p.

express PDL1 — especially HPV-negative tumours —
and the overall worse prognosis associated with diffuse
tumoural PDL1 expression, the rationale for the use
of anti-PDL1 and anti-PD1 therapies in penile cancer
might be strong, especially in the neoadjuvant setting in
patients who have PDL1-positive and/or HPV-negative
disease. Evidence supporting the use of neoadjuvant
ICB has emerged from the phase II NEOSTAR trial in
NSCLGC, in which 44 patients with resectable disease
were treated with either nivolumab alone or in combi-
nation with ipilimumab'*. In this study, 38% of patients
in the combination arm achieved a major pathological
response (MPR), and pCR was observed in 38% of these
patients; in comparison, historical data show an MPR
rate to NAC ranging between 7% and 27% in the same
setting'’~'*!. Additionally, tumoural PDLI expression
was significantly reduced following treatment in patients
who achieved MPR or pCR (P=0.017)"*. Similar regi-
mens of either combined neoadjuvant nivolumab
and ipilimumab or neoadjuvant nivolumab alone in
29 patients with locally advanced SCC of the oral cavity
were shown to result in pathological response rates of
54% and 73%, respectively, with an overall OS of 89%
at a median follow-up duration of 14.2 months across

Line of therapy or disease Primary end Ref.

setting point

First line ORR e

Maintenance therapy following PFS b

chemotherapy for surgically

unresectable disease

Surgically unresectable disease PFS 208

Surgically unresectable disease ORR 209

Surgically unresectable disease ORR 120

or relapsed disease

Advanced disease pCR and ORR 210

Metastatic disease Phase Il dose and =
AE incidence

Relapsed or metastatic disease  ORR a2

Metastatic disease ORR a3

Unresectable or metastatic Non-progression a1

disease rate

Unresectable advanced or ORR e

metastatic disease

Advanced disease Safety 16

Relapsed disease ORR 22

Locally advanced or metastatic ORR 418

HPV-associated disease

the entire cohort'*?. These findings, along with others
in glioblastoma'®, bladder cancer'* and melanoma'*,
might provide support for the use of neoadjuvant ICB
in penile cancer. Broadly, neoadjuvant ICB use might
be beneficial owing to a reduction in disease burden
before surgery leading to improved surgical outcomes.
Additionally, delivery of ICB in the presence of the pri-
mary tumour could lead to increased recruitment of
cytotoxic T cells compared with adjuvant ICB in which
the supply of tumour-associated antigens is reduced
owing to the absence of the primary tumour'¢'*.
Moreover, a rationale for the use of neoadjuvant ICB in
combination with neoadjuvant cisplatin-based chemo-
therapy in a select group of patients with penile cancer
might exist. From a molecular perspective, neoadju-
vant ICB combined with chemotherapy might be more
effective than neoadjuvant ICB alone owing to increased
tumour-associated antigens being released as a result
of the cytotoxic activity of chemotherapy, leading to
enhanced recruitment of cytotoxic immune cells to the
TME and depletion of immunosuppressive molecules
such as MDSCs and T, cells'**'*’. For example, com-
bination neoadjuvant pembrolizumab and chemother-
apy is approved by the FDA for use in triple-negative
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breast cancer’”' — this approval is largely based on the
results of the KEYNOTE-522 trial demonstrating a sig-
nificant increase in the number of patients who had a
complete response compared with the chemotherapy
plus placebo group (64.8% versus 51.2%, P<0.001)"*.
However, within the setting of penile cancer, no trials
investigating the use of neoadjuvant ICB alone or in
combination with chemotherapy are currently being
conducted.

In the locally advanced PSCC setting, both neoad-
juvant and adjuvant ICB could have an important role
in limiting the deleterious effects of the surgical stress
response on disease recurrence. Surgery can produce
perturbations in neuroendocrine, paracrine, immune,
inflammatory and angiogenic signalling that promote
the survival of cancer cells and the development of
metastatic disease'”*"'"*>. The use of ICB in the periop-
erative setting might help to reverse surgery-induced
immunosuppression and T cell dysfunction'®. This
phenomenon has been demonstrated in a mouse model
of surgical stress, in which blockade of PD1 and the
immunosuppressive factor PGE2 reversed CD8" T cell
exhaustion'*”"**. Thus, within the context of penile can-
cer, an unmet need exists for ICB earlier in the disease
course and its use should be expanded beyond patients
with relapsed and/or metastatic disease.

Therapeutic HPV vaccines. HPV infection confers an
increased risk of developing penile cancer, and in some
high-risk HPV-positive histological subtypes, contrib-
utes to carcinogenesis through the activity of the E6 and
E7 oncoproteins'”*"'””. Owing to the continued HPV
viral activity that persists throughout the tumour life-
cycle and disease course'”, therapeutic HPV vaccines
that stimulate the immune system and enhance the
CD8* cytotoxic T cell response to HPV-positive tumours
have become a new experimental treatment approach
for HPV-associated malignancies. Therapeutic vac-
cines rely on the presentation of mutated versions of
the E6 and/or E7 oncoproteins on antigen-presenting
cells owing to their constitutive activity in high-risk
HPV-positive cells, especially following integration of
the viral genome into the host genome'~'**. Several
experimental vaccine delivery strategies exist: bacterial
live vector vaccines, viral live vector vaccines, peptide
vaccines, protein-based vaccines, DNA vaccines, RNA
replicon-based DNA vaccines, dendritic cell-based vac-
cines and adoptive T cell transfer vaccines'®'®®. These
delivery strategies are diverse, but the underlying aim
of all therapeutic vaccines is to drive immunogenicity
and promote cytotoxic T cell activity, as well as pro-
mote the development of immune memory against the
HPV-positive tumour cells.

In the clinical setting, therapeutic vaccines have
been tested against multiple HPV-driven neoplasms
and malignancies in clinical trials and have shown some
efficacy. For example, a bacterial live vector vaccine that
secretes the E7 antigen, called Lm-LLO-E7, given intra-
venously, resulted in partial responses in 4/15 patients
with advanced cervical cancer'*. The vaccine was well
tolerated, with no grade 4 adverse events reported and
pyrexia being the most common grade 2-3 adverse

REVIEWS

event, which was experienced by all patients. A recom-
binant modified vaccinia virus, Ankara, a viral vector
expressing E2 (a negative regulator of E6 and E7), was
used to treat intraepithelial lesions in 1,176 women
with cervical intraepithelial neoplasia or condyloma
lesions and 180 men with urethral condyloma lesions or
anal lesions. Complete elimination of the lesions was
observed in 89.3% and 100% of women and men,
respectively'””. In this study, cold symptoms (69%), chills
(63%) and fever (55%) were the most common adverse
events and were all deemed to be grade 1. In another
study in which a therapeutic synthetic DNA vaccine,
VGX-3100, was administered intramuscularly to treat
cervical intraepithelial neoplasia, no serious adverse
events were reported with erythema at the injection
site (78%) and fatigue (54%) being the most com-
monly reported adverse events'*’. Thus, it seems that
HPV-directed therapeutic vaccines are generally safe
based on available data.

In the context of penile cancer, no human studies
investigating therapeutic vaccines have been published.
However, several basket trials for HPV-associated malig-
nancies, including HPV-positive penile cancer, are ongo-
ing (TABLE 3). Interestingly, some of these trials involve
a combination therapy approach involving HPV thera-
peutic vaccines and ICB. In principle, this combination
approach shows promise in its potential to both stim-
ulate the immune system using HPV neoantigens and
downregulate tumour-mediated immunosuppression
through ICB, and could prove more effective than either
agent alone. For example, in NCT 04432597 (REF.'®) a
gorilla adenovirus HPV vaccine in combination with
bintrafusp alfa, a novel bifunctional fusion immunother-
apeutic agent that targets both PDLI and transforming
growth factor-B (TGF-p) trap, is being investigated.
Bintrafusp alfa has already demonstrated some success
as a monotherapy in HPV-associated malignancies, with
an objective response rate of 30.5% in a study involving
59 patients'”. Other combination therapy approaches
involving therapeutic vaccines and chemotherapy or
radiotherapy are not currently being evaluated in penile
cancer, but they have been tested in patients with vulvar
intraepithelial neoplasia, leading to lesion regression and
improved immune cell counts'”".

Overall, HPV-directed vaccines provide an oppor-
tunity to specifically target HPV-positive penile can-
cer tumours and counteract immunosuppressive
factors within the TIME by eliciting a strong antitumour
immune response either alone or in combination with
other immune-based therapies such as ICB.

Adoptive T cell therapies. The potential of translating
immunotherapeutic strategies used to treat other malig-
nancies into treatment approaches for penile cancer has
been investigated in preclinical studies. For example,
based on studies in melanoma'”>'”, cervical cancer'’*'7®
and ovarian cancer'’, the feasibility of generating TILs
from PSCC-positive lymph nodes for adoptive T cell
therapy (ACT) has been investigated'””. ACT involves
the isolation and expansion of tumour-specific TILs
from tumour samples followed by autologous reinfu-
sion. CD3*, CD8* and CD4" TILs were generated from
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Table 3 | Ongoing clinical trials investigating therapeutic HPV vaccines and other HPV-targeting therapies in penile cancer

Trial number
(design)

NCT04432597
(basket)

NCT03439085
(basket)

NCT04287868
(basket)

NCT03418480
(basket)

NCT02858310
(basket)

NCT02379520
(basket)

NCT04180215
(basket)

HPV-targeting agent Phase, Combination therapy
target
accrual
PRGN-2009 (HPV vaccine) Phase I/1l, M7824 (bintrafusp alfa,
n=76 a bi-functional fusion protein;
TGF-B trap and anti-PDL1)
INO-3112 (HPV vaccine) Phase I, Durvalumab (anti-PDL1)
n=77
PDS0101 (HPV vaccine) Phase I/1l, M7824 (bintrafusp alfa,
n=>56 a bi-functional fusion protein;
TGF-B trap and anti-PDL1)
and NHS-IL12
HPV anti-CD40 RNA Phase I/1l, NA
vaccine n=44
HPV-16 E7-targeting TCR Phase I/1l, Aldesleukin, fludarabine,
Tcells (E7 TCR) n=180 cyclophosphamide
HPV-16 or 18 E6-specificor  Phasel, Cytoxan, fludarabine, and
E7-specific T lymphocytes ~ n=32 nivolumab (anti-PD1)
HB-201+ or — HB-202 Phase I/1l, NA
(both express antigenic n=200

HPV-16 E6 and E7 fusion

protein

Line of therapy or Primary end Ref.
disease setting point

Recurrent or metastatic Safety and phase |l 109
HPV+ disease dose

Recurrent or metastatic ORR e
HPV+ disease

Recurrent or metastatic ORR 220
HPV+ disease

Patients who are clinically ~ DLT incidence o
disease free or recurrent

HPV+ disease
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Number of patients 189
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Recurrent HPV+ disease
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for SOC treatment

Phase Il dose and
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AE, adverse event; CTLA4, cytotoxic T lymphocyte-associated protein 4; DLT, dose-limiting toxic effect; HPV, human papilloma virus; NA, not applicable; ORR,
overall response rate; PD1, programmed cell death protein 1; PDL1, programmed death-ligand 1; SOC, standard-of-care; TCR, T cell receptor; TGF-B, transforming

growth factor-p.

11/12 PSCC samples and no significant differences were
reported between patients who were HPV positive ver-
sus HPV negative or between those who received NAC
and those who did not. Additionally, antitumour reac-
tivity of the expanded TILs was observed against 5/11
autologous tumour samples from which TILs were
generated'”’.

These data support the potential feasibility of TIL
expansion from a broad range of patients with penile
cancer and demonstrate the in vitro efficacy of ACT
therapy in this disease context. However, limitations
associated with TIL-based therapy for PSCC include
the identification of tumour-associated antigens widely
expressed by PSCC and not expressed by nonmalignant
cells, the relatively lower mutational burden of PSCC
than other genitourinary cancers and SCCs*-'7*, the
toxic effects associated with preparative lymphodeple-
tion using full-body radiation or chemotherapy, and an
inability to predict responders versus non-responders.

Engineering T cells to contain T cell receptors against
tumour-associated HLA-restricted antigens (engineered
T cell receptor (TCR) therapy) or non-HLA-restricted
antigens (chimeric antigen receptor therapy (CAR-T))
could augment the capabilities of ACT. The engineer-
ing of T cells enables the development of T cells that
have optimal affinity for a variety of tumour-specific
antigens and modifications to T cells that prevent cell
death strengthen proliferation, stimulation and inflam-
matory signalling'”’. Within the context of HPV-positive
penile cancer, engineered T cells can be modified to
target HPV-specific oncoproteins such as E6 or E7, the
safety and efficacy of which has been demonstrated in

a phase I trial, in which 12 patients (11 with SCC and 1
with adenocarcinoma) were intravenously adminis-
tered TCRs targeting the HPV-16 E7 oncoprotein'®.
In this study, no dose-limiting toxic effects at doses 1
or 2, reactivity with healthy tissue, or treatment-related
deaths were observed. With respect to efficacy, 6/12
and 5/12 patients demonstrated objective responses
or stable disease, respectively. Additionally, the serum
of these patients did not show the presence of anti-E7
TCR antibodies and the E7-TCRs were not found to
express increased levels of PD1 6 weeks post-infusion
or in comparison with endogenous T cells. In a phase I/1I
basket trial, an objective response was observed in 2/12
patients treated with an HPV-16 E6-targeting TCR'"".
Comparing results across these small, heterogenous
cohorts is difficult, but the difference in efficacy between
the two trials suggests some of challenges associated with
engineered T cell therapy, such as the optimal selection
of tumour-associated antigens. For example, the selec-
tion of the E7 versus E6 oncoprotein as the TCR target
might have contributed to the observed difference in
response rates between the two trials. Other challenges
include monoclonal specificity, T cell fitness, efficient
trafficking of engineered T cells to tumour sites in solid
cancer types such as PSCC, and the harsh TIME'#>'%,
CAR-T is unexplored in penile cancer, but has simi-
lar challenges in solid tumours and has historically
demonstrated limited efficacy'**'%.

With respect to the safety profile of ACT therapies,
adverse effects can include cytokine release syndrome
(CRS), neurotoxicity, infection and off-target tissue
destruction as a result of potential cross-reactivity'*;
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some of these adverse effects could be mitigated
through improvements in T cell engineering and recep-
tor avidity'¥’. Notably, limited available data suggest
differences in the prevalence of certain adverse effects
between patients treated with ACT therapies for hae-
matological malignancies versus solid malignancies.
For example, a meta-analysis of safety data from CAR-T
therapy trials revealed a pooled prevalence of 5% and
12% for CRS and neurotoxicity, respectively, in patients
with solid malignancies; for patients with haematolog-
ical malignancies, the pooled prevalence of CRS and
neurotoxicity was 55% and 37%, respectively'*. Given
that penile cancer is a solid malignancy, prevalence rates
of CRS and neurotoxicity in response to CAR-T therapy
might be expected to be similar to those observed for
solid malignancies.

Within the context of penile cancer, the safety,
efficacy and molecular implications of engineered
TCR-based therapy remain to be tested and validated
in large, prospective studies. NCT02379520 (REF.'®) is
a prospective trial investigating HPV-16 E7-targeting
TCR T cells'® and will provide further insight into the
potential utility of this therapeutic approach for penile
cancer. Adoptive cellular therapy could be of high value
in patients with PSCC who are younger than 65 years
old, as they are less likely to have pre-existing comor-
bid conditions and are at a reduced risk of fatal febrile
neutropenia as a result of preparative lymphodepletion
for ACT therapies compared with patients older than
65 yearslﬂ)li—wz'

Challenges and future directions

Advances have been made in characterizing immune cell
populations in penile cancer and their potential prog-
nostic value, but considerable gaps in our knowledge
of the broader immune landscape and its interaction
with the TME exist. In addition, opportunities to use
immune-based therapies exist in principle based on our
current understanding of penile cancer, but data on the
utility of immune-based therapies in penile cancer are
limited. Thus, improving outcomes for patients with
penile cancer requires major efforts in the translational
and clinical research settings to enhance our knowledge
of this disease and develop effective immune-based
therapeutic options.

Development of preclinical models. The rarity of penile
cancer creates a challenging environment for studying
this disease, both preclinically and clinically. In the pre-
clinical setting, a paucity of PSCC cell lines and geneti-
cally engineered mouse models (GEM:s) has historically
existed, limiting the ability to study the molecular and
immune landscape of penile cancer. Varying histologi-
cal subtypes and their association (or lack thereof) with
HPV further necessitate an improved understanding
of penile cancer in all its forms and the key differences
between them.

The creation of cell lines and GEMs has been under-
taken to assist in characterizing the tumour immune
landscape and testing novel therapeutic approaches. To
date, two GEM models of penile cancer have been devel-
oped and tumour immune infiltration, concordance
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between the GEM models’ transcriptomes and human
penile cancer, and the efficacy of combination tar-
geted therapy and immunotherapy was investigated
in these models®. To model HPV-driven oncogenesis,
the downstream effects of E6 and E7 signalling through
co-deletion of Smad4 and Apc in the penile epithelium
to generate the SA GEM model were recapitulated,
and then a Pten deletion was added to generate the
cisplatin-resistant SAP GEM model. A reduction in
CD8" T cells and an increase in MDSCs were demon-
strated in the SA GEM model compared with non-
malignant mouse penile tissue. In addition, COX2
overexpression, a potent upregulator of inflammatory
processes in penile cancer'*, was identified®. Treating
tumours in the SA GEM model of penile cancer with
a combination of ICB and either a COX2 inhibitor
(celecoxib) or a tyrosine kinase inhibitor (TKI) that
has been shown to suppress PI3K signalling in MDSCs
(cabozantinib)'”?, resulted in tumour regression®.

Overall, these efforts led to the development of penile
cancer GEM models that can be used for further elucida-
tion of the TME as well as platforms for drug discovery
and testing. Patient-derived cell lines and patient-derived
xenografts (PDXs) have also been developed in penile
cancer'"'%. These patient-derived cell lines and PDX
models will enable us to define the tumour biology of
penile cancer, create models of drug resistance to current
lines of systemic and targeted therapies and find novel
therapeutic targets'”’.

Considerations for future clinical trials on immune-
based therapies. The design of future trials of
immune-based therapies in penile cancer should focus
on three areas: first, ICB use should be investigated in the
neoadjuvant setting, either alone or in combination with
standard-of-care NAC, owing to the potential synergistic
effects of these two therapies when used together as well
as existing evidence regarding the benefits of neoadju-
vant immunotherapy'“>'**'%; second, patients should be
stratified into HPV-positive and HPV-negative groups,
and safety profiles and treatment efficacy in each group
should be compared to characterize any differences
in outcomes between the two groups. For example,
stratification into HPV-positive and HPV-negative
groups could help to determine whether patients with
HPV-negative disease — in which PDLI positivity is a
stronger prognostic indicator — will benefit more from
ICB therapies than those with HPV-positive disease.
Finally, combination therapy approaches that combine
immune-based therapies (such as HPV vaccines plus
ICB agents) or immune-based therapies with targeted
agents such as TKIs should be investigated to determine
whether they produce treatment responses beyond
what could be achieved via any single monotherapy
alone. For example, in a mouse model of metastatic
castration-resistant prostate cancer, targeting MDSCs
with cabozantinib plus ICB resulted in robust antitu-
mour activity compared with ICB alone'”*. Additionally,
superior efficacy of a COX2 inhibitor plus ICB to ICB
alone was demonstrated in a mouse model of PSCC*.
Thus, future clinical studies on immune-based thera-
pies should be aimed at improving clinicopathological
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outcomes by depleting or suppressing immunosup-
pressive actors in the TIME (such as MDSCs, FOXP3*
T, cells and M2-type TAMs)™" when using ICB (FIG. 2).
In addition, in each of these scenarios, laboratory-based
tools such as multi-omic technologies (transcriptomics,
epigenomics and metabolomics), PDX models and
high-throughput molecular pathology should be used
to characterize the molecular landscape to improve
understanding of the TME.

Immune-based therapies for penile cancer are being
examined in several basket trials in parallel with other
SCCs (TABLES 2 and 3). When possible, further molec-
ular studies comparing PSCC with other SCCs should
be conducted to further elucidate the immune-related
cellular mechanisms that are shared between SCCs
of different primary origin. At the present time, stud-
ies have been limited to genomic analyses investi-
gating gene mutations, copy number alterations and
changes in genomic pathway activity. Thus, detailed
single-cell analyses comparing the TIME between
PSCC and other SCCs will inform future clinical trials
in which immune-based therapeutics with demonstrated
effectiveness in more common SCCs, such as lung and
HNSCC, can potentially be evaluated in PSCC.

The role of centralization of care and collaborative
science. In order to advance clinical investigations and
improve penile cancer care, the challenges that arise
from the rarity and severity of the disease must be man-
aged. These challenges include under-use of organ-
sparing surgery (OSS), leading to poor quality of life and
oncological outcomes at non-academic centres®-2%,
non-uniform management owing to the low-level evi-
dence supporting most NCCN and EAU recommen-
dations, under-use of LND at non-academic centres*”
and difficulties running large-scale clinical trials to
test various investigational treatment modalities.
Centralization of care (COC) is a potential solution to
these challenges and has been implemented in parts of
Europe over the past two decades. For example, COC
for penile cancer has existed since 2002 in the UK based
on guidance from the National Institute of Clinical
Excellence®.

Within the context of advancing immune-based
therapies for use in treating penile cancer, COC also
improves our ability to research penile cancer, both
preclinically and clinically, share knowledge between
academic centres and offer patients the option to enrol
in a clinical trial early in the disease course’”. COC also
enables the formation of academic societies focused on
the treatment of rare malignancies such as penile cancer,
for example, the Global Society of Rare Genitourinary
Tumors (GSRGT).

In a disease in which standard-of-care treatment
options are largely non-curative for advanced dis-
ease, clinical trials present the greatest opportunity to
improve outcomes for patients. The International Penile
Advanced Cancer Trial (InPACT) is a case study on the
implementation of an international, randomized con-
trolled trial for PSCC**. Given the scale and scope of the
study, the InPACT trial will be a source of guidance on
the successes and limitations associated with facilitating

an international, randomized controlled trial for a rare
genitourinary cancer involving cross-disciplinary collab-
oration, multiple treatment modalities and local differ-
ences in patient care. This guidance will ultimately help
to inform trial design for prospective studies investigat-
ing immune-based therapies either alone or in combina-
tion with other treatments. Furthermore, the specimens
collected through the InPACT trial will become a rich
resource for collaborative translational research stud-
ies and will enable performance of correlative studies
linking the molecular landscape of penile cancer to the
clinical outcomes observed in the trial. In this context
as well, COC is a key component in efforts to improve
understanding of the molecular landscape of penile can-
cer as well as treat patients in a uniform manner with
an expanded range of treatment options that include
experimental therapies™”.

Conclusions

Immune-based therapies have great potential to improve
outcomes for patients with penile cancer, but the
immune landscape of penile cancer has not been fully
characterized, limiting our ability to accurately assess
the optimal immune-based therapies in this disease.
Thus, future work should use high-throughput tech-
niques such as genomics, proteomics, metabolomics and
single-cell technologies to further define the immune
landscape of penile cancer at a high resolution and at
different stages of this disease. Furthermore, rare cancers
require optimization of the efficacy and translatability
of preclinical models — especially those that rely on
human-derived tumour samples.

At the present time, evidence that shows the prognos-
tic value of immune markers such as PDL1 across both
HPV-positive and HPV-negative cancers suggests that
conventional immune-based therapies such as ICB might
be effective in penile cancer, particularly in the periop-
erative setting and in the early treatment of high-risk,
localized disease. However, the majority of currently
ongoing clinical trials involving ICB are focused on
relapsed, metastatic, and/or treatment-refractory disease
(TABLE 2). Thus, efforts must be undertaken to explore
the potential benefits of shifting the use of ICB to ear-
lier in the disease course. For example, combining ICB
with standard-of-care treatments such as NAC or neo-
adjuvant chemoradiotherapy followed by surgery could
enhance the efficacy of ICB and improve surgical out-
comes. Additionally, given the protumorigenic role of
HPYV in penile cancer and the presence of HPV infection
in half of all penile cancers, therapeutic HPV vaccines
and ACTs provide an additional means of stimulating
the antitumour immune response. Finally, preclinical
and clinical studies must explore opportunities to com-
bine immune-based therapies with other novel thera-
peutic approaches, such as targeted therapies, in order to
enhance the efficacy of immune-based therapies that are
driven by the activity of cytotoxic T lymphocytes. The
rarity of penile cancer necessitates that these preclini-
cal and clinical studies be conducted via international
collaborations with COC in mind.
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